Gathotan is fungal fermented cassava, and a raw material for a Javanese snack called 'gathot'. This type of food is now hardly to find, and the process of making gathotan is relatively lack of process control, leads to failure in process. To make gathotan, peeled cassava tubers are left on the ground or roof for several weeks or months until they become black inside an important characteristic of gathotan. This work aims to improve gathotan fermentation by optimizing fermentation process. The effect of incubation temperature and time, inoculum level, soaking time, and drying, on the growth of the main gathotan fungus, in cassava Lasiodiplodia theobromae, tubers was studied. Experimental design was set up according to response surface methodology. Five parameters measured were pH, titratable acidity, and fungal growth. Results showed that incubation temperature affected pH in linear (P<0.01) and quadratic functions (P<0.05). Titratable acidity was not affected by any treatment. Fungal growth was significantly affected by incubation time (P<0.01) or inoculum level (P<0.05), and interaction of several factors: incubation time and incubation temperature (P<0.05) or drying time (P<0.01). Optimization model indicated that incubation temperature at 34.5°C for 2.4 days, soaking for 26.4 hours, drying time of 3.7 hours at 40°C, and inoculum level of 2% resulted in maximum growth of in gathotan L. theobromae .
x +61 31 3011506 ; email: umipurwandari@yahoo.com Gathotan is dried fermented cassava tuber, seemingly mostly found in Central and East Java, Indonesia. Fungal types and distribution in gathotan has been reported previously (Purwandari 2000) , consisting of spore forming hypomycetes on surface, and -a dematiaceous Lasiodiplodia theobromae fungus-the dominant fungus grew inside the tuber. Dominant spore-forming hypomycetes are Rhizopus oryzae Aspergillus flavus and . Gathotan is characterized by black colour which comes mostly from mycelia of , since it is the only L. theobromae fungus having dark colour of hyphae and the fungus isolated mostly from the inside part of gathotan (Purwandari 2000) . Pairing with either L. theobromae R. oryzae A. flavus or on three types of plate agar (DG18/dichloran glycerol agar, AFPA/A. flavusparasiticus agar, and MEA/malt extract agar) consistently shows dominant growth of L. theobromae and restricted growth of the other fungus (Purwandari 2000) . In the beginning of growth stage, is R. oryzae dominating over , but on the later stage L. theobromae of growth, grows overcompeted L. theobromae R. oryzae.
Gathot, the cooked gathotan, is characterised by its chewy texture. The chewy nature may relate to the change in starch nature. Such change maybe due to enzyme(s) or acid produced by fungus/fungi. L. theobromae is potentially a producer of a starch hydrolizing enzyme called glucoamylase (Navaratman et al. 1996) to result in D-glucose and degraded starch fraction. One possibility of starch fraction is dextrin, a hydrocolloid.
The chewy nature of gathot enables it to be used as raw material of gluten-free noodle (Purwandari . et al 2014b) , since elasticity is a very essential characteristic of noodle. Moreover, gathotan flour has also been used as texturing agent of various gluten-free noodle made from some types of tubers or starchy fruit such as breadfruit (Purwandari . 2014a ). Gathotan noodle et al has been identified for several health-relating benefits including hypoglycemic and antioxidant properties (Purwandari . 2014c ). The hypoglycemic effect of et al gathotan noodle may come from fermentation product of starch during gathotan making, while antioxidant activity may come from melanin produced by L. theobromae et al (Purwandari . 2014c ). The growth of in gathotan can raise L. theobromae health concern, since the fungus is a plant pathogen. It is an important plant pathogen, and highly prevalent in the tropical areas. Factors affecting growth of the fungus have been reported with reference to tropical tuber (Kihurani . 2008) or fruits (Mortuza and Ilag et al 1999; Muniz . 2011; Sivakumar . 2011; Pawar et al et al 2012) , such as temperature, water activity, and UV exposure (Uduebo and Madelin 1974) . Antagonistic studies of several microorganisms against L. theobromae has also been reported, which involves fungi (Mortuza and Ilag 1999; Haggag and Nofal 2006; Fadahunsi . 2013) , yeast (Hashem and Alamri et al 2009) , or bacteria (Fadahunsi . 2013; Sajitha . et al et al 2014) . So far, there is no study in the area of safety of gathot in relation to growth. However, L. theobromae there seems to be no report on incidence of gathot toxicity caused by the fungus. Instead, one may start thinking of potential health benefits can be generated by the growth of in gathot, such as anti-L. theobromae cancer (Pandi . 2010) , anti-thrombotic et al (Vasconcelos . 2013) , and antioxidant (Giese et al et al. 2015) . The fungus also produces -D-glucan called  lasiodiplodin with several functional properties (Vasconcelos 2013) . et al.
L. theobromae Although growth of as plant pathogen has been extensively studied, its growth during gathotan fermentation does not seem to attract much attention. Traditionally, gathotan making process is conducted without any addition of inoculum, thus allowing different types of soil fungi including those antagonistic to , grow during the process L. theobromae (Purwandari 2000) . This can lead to failure in the fermentation, or very little grows in the L. theobromae tuber, a common problem faced by gathotan makers. Therefore, this work is dedicated to construct a model and to optimise the growth of during L. theobromae gathotan fermentation, using gathotan powder as inoculum.
MATERIALS AND METHODS
Raw material for gathotan making is Materials. fresh cassava tuber. The tuber was purchased commercially from local market in Kamal, Madura. The tubers were intact without any sign of cut. It had white flesh, and diameter of base of tuber varied between 3 to 5 cm. Typical commercial cassava is characterised by relatively low water content and optimum starch content, without fibrous part in the flesh. Tuber was free from any defect caused either by biochemical reaction so called 'vascular streak', or signs of visible microbial growth. The second material was gathotan powder. Gathotan chunk taken from previous batch was characterised by black colour covering more than 50% of inside part of tuber. The chunks were washed with running tap water, until washing water became clean, did not show discolouration of tuber. Washed gathotan chunk was then dried in a cabinet dryer at 40 °C for one hour, after which it was ground with a mechanical grinder. The flour resulted from grinding was passed through 60 mesh sieve, and this flour was used as inoculum in the experiment. Black part inside gathotan is the place for the growth of (Purwandari 2000) . L. theobromae Cassava Tubers Preparation. Tubers were peeled, and washed thoroughly with tap water three times to ensure they were free from dirt, and cut into about 10 cm long chunks. The chunks were drained well, and then treated according to experimental design.
The next step was Fermentation of Gathotan. soaking the tubers in tap water, according to experimental design: 0, 12, 24, 36, and 48 hours. After soaking, tubers were again washed to remove soaking water from tubers. Tubers were then dried in a cabinet dryer (40°C) for several hours according to experimental design: 1, 2, 4, and 6 hours. After that, tubers were mixed thoroughly with gathotan suspension (gathotan powder : distilled water, 1:2, w/w). Level of inoculum used in the experiment was 2, 3, 4, 5 and 6 % (w/w) of fresh cassava tubers. Then 1 kg of tubers of each treatment combination were placed in a sterile 5 L plastic container. The plastic container was then incubated at different temperatures: 27, 30, 35, 37, and 40 °C, according to experimental design. Incubation time was 2, 3, 4, 5, and 6 days.
Response Surface Methodology Observation. Experimental design was constructed according to Response Surface Methodology, using five factors (soaking time, drying time, inoculum level, incubation time, and incubation temperature), with five levels for each factor. During fermentation, samples were taken for examination on pH, total acidity, and growth of L. theobromae. Determination of pH of gathotan chunk was carried out using electronic pH-meter. Gathotan chunk was first washed by spraying chunk with distilled water thoroughly to remove excess of soaking water. Then, chunk was put in a blender, and was added with distilled water 5 times of weight of sample. It was then blended for around 3 minutes, until slurry was formed. The slurry was then passed through a number 40 Whatman filter paper to collect filtrate. Filtrate was examined for pH, using pH meter. The same slurry was examined for titratable acidity, by first added with 1 mL of 1% phenolphtalein, and then titrated with 1N NaOH. Titratable acidity was expressed as percentage of lactic acid. Fungal growth examination was carried out by examining the presence of hyphae of L. theobromae inside tubers, using a light microscope connected with a camera (Olympus CX31 LED, Japan) and a PC. Mycelium of is septate and grows L. theobromae parallel to longitudinal rays (Muniz . 2011) . Tuber et al chunk was dissected using a manual microtome without freezing the sample. The dissected piece was divided into three sections towards center.
First section (zone A) was the outer Zone Division. part one-third near the surface of tuber. The middle section (zone B) was between one-third area from surface and one-third was from the center of tuber. Zone C was one-third area from the center of tuber.
Statistical analysis was Statistical Calculation. 
RESULTS
pH. Result on pH of gathotan chunk throughout fermentation showed that pH was influenced significantly (P<0.01) only by linear and quadratic function of incubation temperature (Table 1) was soaking time (hours), and X was incubation time 5 (days). High regression coefficient of incubation temperature (1.3165), fermentation time (-1.0465), and inoculum level (-0.9866) showed that the three factors affected pH of gathotan in a relatively considerable extent. The correlation between pH and incubation temperature was negative, indicating that pH was lowered by increasing temperature during fermentation. Contrary, longer fermentation time or higher inoculum level reduced pH. The coefficient of determination for pH was 72.24% (data not shown), indicating relatively high sufficiency of model.
Incubation temperature between 35 to 40 °C resulted in final pH of 4.5 (Fig 1) . Incubation at room temperature to 34 °C resulted in pH between 7 to 5. Similarly, at high level of inoculum (6 %), low pH at 4.8 could be reached at incubation temperature of 32 °C (data not shown). Although statistically not significant (P 0.05), lower drying time seemed to > reduce pH at high incubation temperature near 40 °C (data not shown).
Titratable Acidity. In contrast to pH, titratable acidity was not affected significantly (P 0.05) by any > factor examined. Regression model for titratable acidity was as follows:
Titratable acidity = -0.0009 X + 0.0006  X was soaking time (hours), and X was incubation time (days). Although all regression coefficients in Equation 3 were small, those of incubation temperature (-0.0776) and fermentation time (0.0852) were relatively greater then the others. While higher incubation temperature Surface plot of incubation temperature against fermentation time indicated that high temperature from 36 to 40°C resulted in high titratable acidity (Fig 2) . Similarly, high temperature (30 to 36°C) and longer incubation time also caused high concentration of titratable acidity. Inoculum level at 3% also gave high titratable acidity (data not shown).
Fungal Growth. Fungal growth was expressed as the number of hyphae inside gathotan. L. theobromae Hyphae of looked as relatively large L. theobromae septate hyaline hyphae that grew parallel to vascular tissue. Every parallel hyphae of the fungus was counted as one hyphae. Young hyphae of is L. theobromae hyaline, and becomes dark, grey, or black in later stage of growth (Alasoadura 1970) . Data of the number of hyphae of growth inside cassava chunk L. theobromae during fermentation of gathotan was only meaningful when in zone A. The model for fungal colonization in zone B and C showed negative number of hyphae, thus possibly indicated unreliable model correlatively absence of fungus in the area. Therefore, data on the number of hyphae in zone B and C were not analysed further. Regression equation for mycelial growth in zone A was:
Number of hyphae = -0.0083 X - The number of hyphae in zone A was affected positively and significantly by inoculum level (P<0.05) and incubation time (P<0.01) ( Table 1) . Several interactions between factors showed significant effect were: quadratic function of soaking time (P<0.005), interaction between incubation temperature and drying time (P<0.005), incubation temperature and incubation time (P<0.05), and incubation time and drying time (P<0.01). No mycelium was detected during the first three days, when inoculum level was below 4 %. However, when inoculum level was high enough (over 5 %), hyphae started colonizing cassava as soon as two days incubation (Fig 3) . Maximum fungal growth was reached after four days at 6 % inoculum level, or six days at 4 % inoculum level. Incubation temperature around 30 °C and fermentation time at 4 d or longer resulted in highest mycelium number (Fig. 4) .
